ABSTRACT: Tall fescue (Festuca arundinacea Schreb.) infected with the endophyte Neotyphodium coenophialum ([Morgan-Jones and Gams] Glenn, Bacon, and Hanlin) causes fescue toxicosis in cattle grazing the forage, but effects of the endophyte were considered to be abated soon after removal of the animals from pastures. Tasco-Forage, a proprietary extract from the brown seaweed Ascophyllum nodosum, is a known source of cytokinins and has increased antioxidant activity in both plants and the animals that graze the forage. Tasco was applied at 0 and 3.4 kg/ ha to infected and uninfected tall fescue pastures in Virginia and Mississippi. Forty-eight steers grazed the pastures at each location during each of 2 yr (n = 192) before being transported to Texas for feedlot finishing. On arrival at the feedlot, steers from Tasco-treated pastures had higher (P < 0.01) monocyte phagocytic activity and tended (P < 0.07) to have higher major histocompatibility complex class II expression than steers that grazed the untreated pastures. A depression (P < 0.05)
Introduction
Tall fescue (Festuca arundinacea Schreb.) is grown on over 14 × 10 6 ha of land in the United States (Bacon and Siegel, 1988) , and an estimated 80% of the fescue pastures in the southeastern and midwestern regions 
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in monocyte immune cell function due to grazing infected fescue was detected throughout the feedlot finishing period but was reversed by Tasco. Rectal temperatures were elevated (P < 0.07) in steers that had grazed the infected tall fescue when they arrived in Texas, but by d 14 no difference was detected. However, by d 28 the temperature effects of infected tall fescue were reversed. Steers that had grazed infected fescue had lower (P < 0.01) rectal temperatures on d 112 of the feedlot period, demonstrating a much longer-lasting effect of the endophyte on thermoregulatory mechanisms than previously thought. Steers that had grazed Tascotreated pastures had higher (P < 0.01) rectal temperatures on d 56 than steers that had grazed untreated fescue. Steers that had grazed the Tasco-treated pastures had higher marbling scores (P < 0.05) regardless of the endophyte, but no effect of Tasco or endophyte on gain was measured. Our data suggest that Tasco application to tall fescue pastures alleviated some of the negative effects of tall fescue toxicity.
is infected with an endophyte fungus (Shelby and Dalrymple, 1987) . The endophyte found in tall fescue, Neotyphodium coenophialum ([Morgan-Jones and Gams] Glenn, Bacon, and Hanlin; Glenn et al., 1996) , causes lowered immune function (Saker et al., 1998) and reduced animal performance as two of several symptoms of fescue toxicosis (Stuedemann and Hoveland, 1988; Coffey et al., 1990) . Ergot alkaloids produced by the fungus, principally ergovaline, are generally considered to have negative impacts on cattle, and the loline alkaloids and peramines are associated with insect-deterrent properties of infected tall fescue (Porter, 1995) . Tasco-Forage, an extract from Ascophyllum nodosum (brown seaweed) applied to tall fescue pastures, has been found to reverse the depression in monocyte im-mune function, improve hair coat condition, and alter rectal temperatures during grazing (Saker et al., 2001) .
Steers taken to a feedlot for finishing following grazing of infected tall fescue have shown variable performance characteristics. Some researchers have reported reduced feedlot performance (Hancock et al., 1987; Coffey et al., 1987) , others have reported similar performance (Piper et al., 1987; Lusby et al., 1988) , and others have reported improved performance (Cole et al., 1987; McDonald et al., 1988; Beconi et al., 1995) during the finishing phase. This research was conducted to measure effects of steers previously grazing either infected or uninfected tall fescue with or without the treatment of Tasco on subsequent performance, monocyte immune cell response, rectal temperatures, and carcass characteristics of feedlot-finished steers.
Materials and Methods
A 2-yr feedlot finishing experiment was conducted at Texas Tech University with 192 beef steers that had grazed tall fescue pastures in Virginia and Mississippi from April to October during 1996 and 1997. In each year, there were 48 steers from Virginia and 48 steers from Mississippi. A description of the steers and the pasture treatments is provided by Saker et al. (2001) ; thus, only a brief description of the pasture phase will be given here. Mississippi (1996 and 1997, respectively) grazed infected or uninfected tall fescue that had been treated or untreated with Tasco-Forage, an extract from the brown seaweed Ascophyllum nodosum prepared by a proprietary process (Acadian Seaplants Ltd., Dartmouth, Nova Scotia, Canada). Tasco was applied in water solution to the forage at 3.4 kg/ha in April and again about midsummer in each of the 2 yr. In 1996, grazing began April 16/17 and ended October 1/2 for Mississippi and Virginia, respectively. In 1997, grazing began April 23/22 and ended on October 8 and September 30 for the respective locations. For both years, steers remained on their respective pastures after the final sampling date until they were transported by truck to the Texas Tech Burnett Center for finishing in the feedlot (101°47′ west longitude; 33°45′ north latitude; 993 m elevation). In 1996, steers arrived on October 22/23 from Mississippi and Virginia, respectively, and in 1997 steers arrived on October 14/ 15 from the two respective locations. No further treatments were imposed after the steers left the pastures so that effects of pasture treatments on feedlot performance and carcass characteristics could be measured.
Prior to shipping and immediately before the cattle left the pastures, steers were vaccinated with Pasturella haemolytica (One Shot; Pfizer Animal Health,
infectious bovine rhinotracheitis, parainfluenza-3 virus, bovine viral diarrhea, and bovine respiratory syncytial virus, (BRSV-Vac4; Bayer, Shawnee Mission, KS) and were treated with Ivomec pour-on (Merk AgVet Division, Rahway, NJ). During yr 1, one-half of the steers within each treatment group were given a Cu oxide bolus to supply 25 g of Cu (Copasure; ScheringPlough, Kenilworth, NJ) before they were trucked to Texas. These same steers had been previously given this bolus at the beginning of the grazing season (Saker et al., 2001 ). Steers did not receive the bolus in yr 2. Upon arrival at the feedlot, no further vaccinations were given, but all steers were implanted with Synovexplus (Fort Dodge, Iowa). All steers were weighed, rectal temperatures were recorded, and hair coat condition was scored using a scale of 1 to 5, where 1 = slick, shiny hair with no evidence of retention of old hair; 3 = 25 to 50% of the body covered with old, unshed hair; and 5 = muddy, dirty hair coat, evidence of having deliberately lain in mud, and > 50% of the body covered with old, unshed hair (Saker et al., 2001 ). Blood samples were collected from the jugular vein for determination of vitamins A and E, monocyte phagocytic activity, and major histocompatibility complex (MHC) class II expression. Additional blood samples for immune function were collected on d 14, 28, and immediately before slaughter. For serum vitamins A and E, blood samples were collected into 15-mL Vacutainer tubes without additives that were protected from light. Vitamin E samples were analyzed at 294 nm after extraction with cyclohexane and reconstitution with xylene (McMurray and Blanchflower, 1979) . Vitamin A samples were analyzed at 325 nm after extraction with hexane and reconstitution with ethanol (Catignani and Bieri, 1991) . For monocyte phagocytic activity and MHC class II expression, blood samples were collected into both a 10-mL Vacutainer tube with EDTA and a Vacutainer with sodium heparin. Monocyte phagocytic activity and MHC class II expression were determined as described by Saker et al. (1998 Saker et al. ( , 2001 ). Blood samples for immune function analysis were packaged with ice on the day of sampling and shipped by overnight delivery for analysis at the Virginia/Maryland Regional College of Veterinary Medicine, Blacksburg, Virginia.
Steers were allotted to pens in the feedlot in a randomized block design with both locations and each of the four pasture treatments within each block. Steers grouped together on pasture remained as a group in the feedyard; thus, there were six steers per pen. Steers were handled under an animal care and use protocol approved by the Texas Tech Animal Care and Use Committee.
All steers were fed the same diets based on steamflaked milo (Sorghum bicolor) and cottonseed hulls (Gossypium hirsutum; Table 1 ). Each receiving diet and the intermediate diet were fed during consecutive 2-wk periods. Feed intake was calculated on a dry matter basis. Feed intake within a pen could not be measured separately by Cu treatment. In yr 1 one-half of the cattle within each pen received a Cu bolus, so feed efficiency was calculated for yr 2 only because we could not exclude the possibility of a Cu effect or interaction with treatments.
Steers were weighed on d 0, 14, and 28 and then at 28-d intervals until final weights were taken immediately before slaughter. Rectal temperatures were recorded each time cattle were weighed. Steers remained on the feedlot for 133 d in yr 1 and for 160 d in yr 2.
At slaughter, hot carcass weight, longissimus muscle area, percentage of kidney-pelvic-heart fat (KPH), maturity score, marbling score, USDA quality grade, USDA yield grade, skeletal maturity, lean maturity, overall maturity, lean color, lean texture, lean firmness, heat ring, and incidence of dark cutters were determined. Yield grades and dressing percentage were calculated from the carcass factors collected.
For statistical analyses, pen was used as the experimental unit. For data collected in 1996, a randomized block design was used with a factorial combination of location, endophyte, and Tasco as effects of interest. The effect of Cu was analyzed as a subplot effect in a split plot arrangement. For data collected in 1997, a randomized block design with a factorial arrangement of location, endophyte, and Tasco was used. To analyze 1996 and 1997 data together, the analysis of variance table was arranged following Kempthorne (1952) with year as a main plot factor and location, endophyte, and Tasco in a factorial combination in the subplot position of a split plot arrangement; the effect of Cu (which was investigated only in the 1996 experiment) was included as a sub-subplot effect. A type I analysis (SAS Inst. Inc., Cary, NC) was used because we wanted to compare treatment means only for those effects that were actually observed (i.e., a type III analysis was not used because we did not wish to use 1996 data on Cu response to estimate 1997 data that were not included in the experiment). When Cu did not interact with any other effect (tests that were based on 1996 data only), we assumed that Cu would not have interacted with these other effects in 1997 and proceeded to interpret effects based on the upper two splits in the analysis of variance (i.e., averaged over Cu). When Cu interacted with any other effect, the interaction was interpreted using only 1996 data. Data collected at monthly intervals were analyzed as repeated measures (Kirk, 1995) ; when a repeated measurement interacted with a treatment factor, subsequent analyses were completed within a measurement period. When factors interacted, simple effects were tested with a protected LSD test. Normality assumptions were assessed with the Shapiro and Wilk (1965) test. The Tukey (1949) test for non-additivity was used to test for block × treatment interaction.
Results and Discussion
Performance and Feed Efficiency. Transportation resulted in a loss of approximately 15 kg BW (Table 2) . Tasco × endophyte × location interaction (P < 0.05). Effect of Tasco was consistent across endophyte levels in Virginia but was only observed in steers that had grazed E+ fescue in Mississippi.
Steers that grazed infected tall fescue left the pastures in Virginia and Mississippi and arrived at the feedlot in Texas at a lighter weight (P < 0.05) than steers that had grazed uninfected tall fescue during the grazing season. These data agree with previous studies (Stuedemann and Hoveland, 1988; Coffey et al., 1990) . Application of Tasco to pastures during the grazing season had no effect on either final pasture weight or weight of steers when they arrived at the feedlot.
No compensatory gains were measured in steers that had previously grazed infected pastures. Total and daily gains for steers while on the feedlot that had previously grazed infected tall fescue were similar to those of steers that had grazed uninfected tall fescue. Thus, at the end of the feedlot period, steers that had grazed infected tall fescue remained lighter (P < 0.05) in BW than steers that had grazed uninfected tall fescue (Table 2) . Tully et al. (1992) also found no evidence of compensatory gains during the finishing period by steers that had previously grazed infected tall fescue, but other researchers (Cole et al., 1987; Coffey et al., 1990; Beconi et al., 1995) have reported compensatory gain for steers previously grazing infected tall fescue pastures. Tasco treatment of pastures had no subsequent effect on performance during the feedlot finishing phase.
During yr 2, approximately 0.35 kg less feed (P < 0.07) was required per kilogram of gain on the feedlot if the steers had grazed pastures treated with Tasco (Table 2 ). This effect of Tasco on feed efficiency was not observed in steers that grazed the uninfected pastures in Mississippi, but the effect of Tasco was consistent across endophyte levels at the Virginia location (location × Tasco × endophyte interaction; P < 0.05). More information is needed to verify the effect of Tasco on feed efficiency.
Feed efficiency was also influenced by endophtye (Table 2). Steers that had previously grazed uninfected tall fescue required 0.55 kg more (P < 0.05) feed per kilogram of gain during the finishing period than did steers that had grazed infected fescue. These results agree with earlier work by Coffey et al. (1990) and Beconi et al. (1995) .
Rectal Temperature. When steers arrived at the feedlot, rectal temperatures were higher (P < 0.07) for steers previously grazing infected rather than uninfected tall fescue (Figure 1 ), which agrees with the studies of Lusby et al. (1988) and Aldrich et al. (1993) . Steers that had grazed infected tall fescue had generally exhibited higher rectal temperatures during the grazing season (Saker et al., 2001) , and this was still measurable fol- lowing transportation, particularly in steers from Virginia (location × endophyte interaction; P < 0.05). By d 14 on the feedlot, this difference disappeared. By d 28 the lines had converged and effects of the endophyte were reversing, as indicated by increasingly significant effects by d 56 (P < 0.10), 84 (P < 0.07), and 112 (P < 0.01). During this period, steers that had previously grazed infected tall fescue had lower rectal temperatures than those that had grazed uninfected tall fescue. At the end of the finishing period, Cu-supplemented steers continued to exhibit the lower rectal temperature caused by infected fescue, whereas non-Cu-supplemented steers were not affected by the endophyte (endophyte × Cu interaction; P < 0.05). To our knowledge, this latent effect of endophyte on rectal temperature has never before been measured or reported. Reports in the literature have generally described a rapid recovery and loss of symptoms following the animals' removal from infected tall fescue (Hancock et al., 1987; Rhodes et al., 1991) . Our research indicates that if measurements were taken at d 14, the conclusion would have been that the animals had returned to a normal status. Our data demonstrate that the effects of infected tall fescue, at least on rectal temperature, are much longer-lasting than previously suspected. Steers that had difficulty remaining cool in summer seemed to have difficulty maintaining warmth during winter, possibly due to effects on blood circulation to peripheral and core body tissues (Rhodes et al., 1991; Aldrich et al., 1993) .
No differences in rectal temperatures were detected on arrival at the feedlot or on d 14 due to having grazed Tasco-treated pastures (Figure 2 ). Rectal temperatures were elevated in steers that had grazed Tasco-treated pasture on d 28 (P < 0.11) and 56 (P < 0.01). By the end of the feedlot period, no effect of Tasco on rectal temperatures was measured. The effect of Tasco on rectal temperature was consistent across location and endophyte status of the fescue, even though effects on steer rectal temperatures during the grazing season were not always consistent (Saker et al., 2001 ). Effects of Tasco on rectal temperature seem to be due to effects on internal themoregulatory mechanisms. Subsequent studies with lambs fed Tasco-EX and Tasco-14 suggest that the altered rectal temperature is not related to changes in thyroid function (B. Gravett, K. Pond, and V. Allen, unpublished observations). Tasco typically contains 650 to 700 ppm iodine (Fike et al., 2001) , and thyroid function has been questioned as a possible mode of action for altered body temperature. It should be noted that the diet fed to all steers during feedlot finishing contained approximately 7 ppm I, a level well above the 0.2 to 0.5 ppm I in the diet DM suggested by NRC (1996). Although not measured, the amount of I that may have been applied in Tasco to pastures during the grazing season was calculated to not exceed 5 g/ha.
Immune Function. Monocyte phagocytic activity and MHC class II expression both declined from the time steers left the pastures and arrived at the feedlot in Texas regardless of the pasture treatment to which they were exposed (Table 3) . Upon arrival, phagocytic activity was higher (P < 0.01) in steers that had grazed the Tasco-treated pastures regardless of the pastures' endophyte status. By d 14, on d 28, and at the end of the finishing period, phagocytic activity was higher (P < 0.05) in steers that had grazed Tasco-treated than in those that had grazed untreated, infected tall fescue. Tasco treatment of infected fescue resulted in phagocytic activity that was similar to that in steers that grazed uninfected tall fescue throughout the feedlot period. At the end of the feedlot period, steers that had grazed infected tall fescue had lower (P < 0.01) phagocytic activity than steers that had grazed uninfected tall fescue.
Effects of endophyte and Tasco on MHC class II expression were consistent across locations. Upon arrival at the feedlot, steers that had grazed the Tasco-treated pastures tended to exhibit higher (P < 0.07) MHC class II expression than steers from non-Tasco-treated pastures, but the effect was within infected fescue (Table  3) . On d 14, no effects of treatment were observed, but on d 28 Tasco treatment again resulted in higher (P < 0.05) MHC class II activity in steers that had grazed infected fescue. No effects of endophyte or Tasco were measurable by the end of the feedlot period. Steers that had grazed Tasco-treated, infected fescue never differed from steers that had grazed uninfected fescue.
Copper did not influence phagocytic activity and did not interact with other treatments (data not shown). When steers arrived at the feedyard, Cu did interact (P < 0.07) with Tasco and endophyte on MHC class II expression (Table 3) . To examine interactions, only data from 1996 were used. Tasco and endophyte had no effect on MHC class II expression in steers that were Cusupplemented. In non-Cu-supplemented steers, MHC activity was lower (P < 0.05) in non-Tasco-treated infected than in Tasco-treated steers that grazed uninfected fescue. On d 14, Cu-supplemented steers had lower (P < 0.05) activity than non-Cu-supplemented steers on Tasco-treated fescue (data not shown). On d 28, location × Cu × Tasco interactions were observed. In Mississippi, neither Cu nor Tasco influenced MHC activity. In Virginia, Tasco treatment resulted in higher (P < 0.05) MHC class II activity when Cu was not supplemented but had no effect when steers were Cu-supplemented (data not shown). No effects of Cu were observed at the end of the feedlot period.
The effect of Tasco treatment of the pastures on reversal of the immune-depressing effect of the endophyte was observed during the pasture phase of this experiment (Saker et al., 2001) . However, during the grazing season, application of Tasco to the uninfected tall fescue seemed to have an immune-dampening effect. After these steers were subjected to the stress of transportation, the effect of treatment on immune function seemed similar to that in steers that had grazed the infected tall fescue. The lack of stressors during grazing in steers on uninfected fescue may have altered the response to Tasco. It may be that in the absence of specific stress there is little or no benefit of Tasco on immune function.
Interactions of Cu and Tasco on MHC class II expression were also observed during the pasture phase (Sa Table 3 . Monocyte phagocytic activity and major histocompatibility complex (MHC) class II expression in steers that grazed endophyte-infected (E+) or endophyte-free (E−) tall fescue in Virginia and Mississippi during 1996 and 1997 that was either treated (T+) or not (T−) with Tasco, a brown seaweed extract ker et al., 2001), but further research is needed to clarify these effects. Many oxidation-reduction reactions involving oxygen are catalyzed by Cu-containing enzymes, and at least three Cu enzymes seem to be involved in antioxidant defenses (Linder, 1996) . These include Cu/Zn superperoxide dismutase, extracellular ceruloplasmin, and the primarily intracellular Cu thioneins. Possibly the combination of antioxidant stimulants from Tasco and Cu act in some way similarly to the down-regulating effects observed when Tasco was applied to uninfected tall fescue (Saker et al., 2001) . Both the depressing effect of the endophyte and its reversal by Tasco were long-lasting for phagocytic activity. Effects of Tasco observed in October upon arrival at the feedlot and the following March or April at the end of the finishing period reflected pasture treatments applied the previous April and July (Saker et al., 2001) . The improvement in immune function suggests that a reduction in morbidity and mortality could result. In this experiment, both morbidity and mortality were low and were not related to treatments.
Serum Vitamins A and E and Cholesterol. Tasco treatment of tall fescue pasture had no effect on serum vitamin A when cattle arrived at the feedlot (Table 4) . Lower (P < 0.05) serum vitamin A was observed in steers that had received Cu supplementation than in unsupplemented steers (682 vs 725 ppb, respectively; Effect of Tasco within E+ (P < 0.07) but no effect of Tasco within E− (P > 0.27).
e Effect of endophyte (P < 0.01).
f Tasco increased cholesterol within E+ (P < 0.07) but tended to decrease it within E− (P < 0.17). SE = 13; data not shown). The effect of Cu was consistent across treatments and locations, with the exception that steers in Mississippi exhibited a response to Cu when grazing uninfected tall fescue but steers in Virginia did not (location × endophyte × Cu interaction; P < 0.05). An endophyte × location effect (P < 0.05) was also observed for serum vitamin A. Upon arrival at the feedlot, serum vitamin E was lower (P < 0.5) in steers that had grazed infected than in those that grazed uninfected tall fescue, but effects of Tasco depended on endophyte status (endophyte × Tasco iteraction; P < 0.05; Table 4 ). Serum vitamin E was higher (P < 0.07) in steers that grazed Tascotreated than in those that grazed untreated, infected fescue, but Tasco had no effect on vitamin E in steers from uninfected tall fescue. This effect of Tasco was observed in Mississippi in 1996 and in Virginia in 1997 (location × Tasco × year interaction; P < 0.05). Fike et al. (2001) found that serum vitamin E was lower in steers grazing infected rather than uninfected tall fescue by the end of the grazing season in steers from both Virginia and Mississippi. In their experiments, Tasco seemed to decrease serum vitamin E. Measurements by Fike et al. (2001) were made at the end of the grazing season, whereas measurements made in the current study followed the stress of cross-country transportation. It is possible that the effects of stress altered the response of serum vitamin E to Tasco treatment. Possible effects of Tasco and the endophyte in tall fescue on vitamin E status is of interest. Vitamin E supplements have improved immune status of cattle (Arnold et al., 1992; Garber et al., 1996) and had protective effects against potential oxidative damage (McIntosh et al., 1993) .
Serum cholesterol was decreased in steers that had grazed infected tall fescue (Table 4) . These results are in agreement with previous research (Stuedemann et al., 1985) . Steers that grazed the Tasco-treated, infected tall fescue had higher (P < 0.07) cholesterol than those that grazed the untreated, infected fescue, but no effect of Tasco was observed in those that grazed uninfected tall fescue (endophyte × Tasco interaction; P < 0.05). The vitamin E:cholesterol ratio was higher (P < 0.05) in steers that grazed infected fescue, but Tasco had no effect.
Carcass Characteristics. Steers that had grazed uninfected tall fescue had heavier (P < 0.001) hot carcass weights than steers that came from the infected tall fescue pastures (Table 5) . Differences in hot carcass weights were related to differences in final finishing weight. Thus, the endophyte reduces pasture, finishing, and carcass weights, thus reducing the total saleable product. The effect of the endophyte on hot carcass weight was greater in Mississippi than in Virginia (location × endophyte interaction; P < 0.05). Hot carcass weights were not affected by Tasco treatment of the pastures. Application of Tasco to tall fescue, regardless of the endophyte status, increased (P < 0.05) marbling score ( Figure 3 ) and tended (P < 0.15) to increase USDA Effects of Tasco on serum cholesterol may have indicated changes in fat metabolism. The increased marbling did not seem to be related to differences in final hot carcass weights (Table 5) . Steers from Tasco-treated pastures did not weigh more at slaughter than steers from the untreated pastures. Conversely, steers from uninfected tall fescue pastures had heavier (P < 0.01) hot carcass weights than steers from infected tall fescue pastures, but the endophyte did not seem to influence marbling (P < 0.27) or USDA quality grade (P < 0.29). Steers that had grazed the Tasco-treated pastures prior to feedlot finishing graded at least Choice − , whereas steers that grazed the untreated pastures graded Select + , regardless of endophyte status. Pasture treatments had little other effect on carcass characteristics (Table 5) . Although a limited number of effects were measurable statistically, they did not seem biologically meaningful.
Implications
Application of Tasco-Forage, an Ascophyllum nodosum-based proprietary product, to tall fescue had effects that lasted from transportation through the finishing period, suggesting a mechanism to reduce morbidity and mortality. Improved immune function following transportation stress in steers from Tascotreated, uninfected fescue pastures suggests its use in non-endophyte-related stresses as well. Tasco treatment may have improved marbling scores through increased antioxidant activity and enhanced fat metabolism efficiency. The improved marbling and USDA quality grades of steers that grazed Tasco-treated pastures would improve profitability from feedlot to packer. Treating fescue pastures with Tasco may be a management tool that can reduce morbidity and increase the value of cattle. Further work is necessary.
